We present numerical predictions for the decay branching ratios of the heavier stop and sbottom mass eigenstates. We estimate the precision to be expected for the determination of the underlying supersymmetry parameters of the stop and sbottom systems.
Introduction
The study of pair production of scalar top quarks is particularly interesting because the lighter stopt 1 is expected to be the lightest scalar quark. Left-right mixing plays a rôle only in the sector of the sfermions of the 3 rd generation. Therefore, experimental data about stops will give information about the soft-breaking trilinear scalar coupling parameter A t .
At an e + e − Linear Collider with center-of-mass energy √ s ≥ 500 GeV it will be possible to produce the higher stop and sbottom mass eigenstatest 2 ,b 2 . This will allow a detailed study of the properties of stops and sbottoms. The decay pattern of t 2 andb 2 may be rather complicated, because of left-right mixing, and since many decay channels can be open. In this contribution we will study the decays oft 2 andb 2 , and we will present numerical predictions for the important decay branching ratios. We will also give an estimate of the expected precision for the determination of the underlying soft supersymmetry breaking parameters.
Decays of Stop and Sbottom
The squarks of the third generation can have the weak decays (i, j = 1, 2; k = 1, . . . , 4)
If the strong decayst
are kinematically allowed then they are the dominant decay modes oft 1 andb 1 . Otherwise, the lighter squark mass eigenstates decay mostly according to (7) and (8) .
If mχ0
1 is important [7] , otherwise the loop decayt 1 → cχ 0 1 can be dominant for mt 1 < m b + mχ±
1
. In case of strong left-right mixing the splitting between the two mass eigenstates may be so large that the following additional decay modes are present [6] :
The decay of the lighter eigenstatest 1 andb 1 were studied e. g. in [8, 9] . The decay patterns of the heavier squark mass eigenstates can be quite complicated, because all the decay modes of eqs. (7) to (13) can occur. In the following we will studyt 2 andb 2 decays in the parameter domain where the decays (10) to (13) are important. Earlier studies are in [6, 8, 9, 10, 11] . We calculate the different decay widths with the formulae of Refs. [6, 7, 8] . We have included radiative corrections to the Higgs masses and the Higgs mixing angle according to [12] . As examples we will plot the branching ratios of t 2 andb 2 decays as a function of the Higgs-higgsino mass parameter µ, for tan β = 2 and 30, A t = A b = 600 GeV, MQ = 500 GeV, MŨ = 444 GeV, MD = 556 GeV, taking the SU(2) gaugino mass parameter M = 200 GeV, and the mass of the pseudoscalar Higgs boson m A 0 = 130 GeV. For tan β = 2 the mass differences between the higher and lower mass eigenstates are
the whole µ range considered. Furthermore, the mass of the light neutral Higgs boson is in the range 73 GeV ≤ m h 0 ≤ 94 GeV, the mass of the charged Higgs boson is m H + = 153 GeV. We show in Fig. 1a the branching ratios oft 2 decays for tan β = 2. As can be seen, for µ ≤ −400 GeV the decays into W ± , Z 0 dominate, because of the large mass difference mt 2 − mt 1 . In the region −400 GeV < µ < 1000 GeV the decays into charginos and neutralinos dominate, the decays into W ± , Z 0 being kinematically suppressed because mt 2 −mt 1 is too small. For µ < ∼ 600 GeV the branching ratio fort 2 →t 1 A 0 can go up to 20%. In Fig. 1b we show the branching ratios forb 2 decays as a function of µ and the same set of parameters as above. For µ < −600 GeV the decayb 2 →t 1 W − dominates, and the branching ratio ofb 2 →t 1 H − is of the order of 10%. For µ > −600 GeV the decay into neutralinos are the most important ones. The branching ratios for
− are always less than 5% for the parameters considered. (10) to (13), dominate for |µ| > ∼ 550 GeV, whereas for |µ| < ∼ 550 GeV the decays into charginos and neutralinos dominate. The branching ratios fort 2 →t 1 h 0 ,t 1 H 0 are always less than 5%. Fig. 2b shows the branching ratios ofb 2 decays for the same set of parameters. For |µ| > ∼ 400 GeV the decays into vector bosons and Higgs bosons have the largest branching ratios, whereas for |µ| < ∼ 400 GeV the decays into charginos and neutralinos are the dominant ones. Note that the decaỹ b 2 → bg is possible, but its branching ratio is less than 10%. The reason is that it is phase space suppressed. The branching ratios oft 2 →t 1 h 0 ,t 1 H 0 ,b 2 →b 1 h 0 ,b 1 H 0 are less than 5% in the parameter space considered. 
Determination of Soft SUSY Breaking Parameters
We perform a case study of e + e − →t 1t1 at √ s = 500 GeV, mt 1 = 180 GeV, and the left-right stop mixing angle | cos θt| = 0.57 which corresponds to the minimum of the cross section. The cross sections at tree level for these parameters are σ L = 48.6 fb and σ R = 46.1 fb for 90% left-and right-polarized e − beam, respectively. Corrections due to initial state radiation, beamstrahlung, and SUSY-QCD correction have to be applied to the experimental data. Based on our Monte Carlo studies [9] , the experimental errors on these cross sections are ∆σ L = ± 6 fb and ∆σ R = ± 4.9 fb. Figure 3 shows the resulting error bands and the corresponding error ellipse in the mt 1 -cos θt plane. The experimental accuracy for the stop mass and mixing angle is mt 1 = 180 ± 7 GeV, | cos θt| = 0.57 ± 0.06.
To treat the sbottom system analogously, we assume that tan β is low and theb L -b R mixing can be neglected,b 1 =b L ,b 2 =b R , i. e. cos θb = 1. Taking mb 1 = 200 GeV, mb 2 = 220 GeV, the cross sections and the expected experimen-tal errors are σ L (e + e − →b 1b1 ) = 61.1 ± 6.4 fb, σ R (e + e − →b 2b2 ) = 6 ± 2.6 fb for the 90% left-and right-polarized e − beams.
The resulting experimental errors are mb 1 = 200 ± 4 GeV, mb 2 = 220 ± 10 GeV. With these results we can predict the mass of the heavier stop, mt 2 = 289 ± 15 GeV. This prediction allows experiments to test the MSSM. Proceeding further we take µ = −200 GeV, tan β = 2, m t = 175 GeV, assuming that µ and tan β are known from other experiments. We obtain the soft breaking parameters of the stop and sbottom systems: mQ = 195 ± 4 GeV, mŨ = 138 ± 26 GeV, mD = 219 ± 10 GeV, A t = −236 ± 38 GeV if cos θt > 0, and A t = 36 ± 38 GeV if cos θt < 0. 
